USO011791516B2

a2 United States Patent (10) Patent No.: US 11,791,516 B2

Sasaki et al. 45) Date of Patent: Oct. 17, 2023
(54) ENERGY STORAGE APPARATUS (58) Field of Classification Search
None

(71)  Applicant: gs)Yuasa International Litd., Kyoto See application file for complete search history.
(72) Inventors: Shun Sasaki, Kyoto (JP); Yoshimasa (56) References Clted

Toshioka, Kyoto (JP) U.S. PATENT DOCUMENTS
(73) Assignee: GS YUASA INTERNATIONAL LTD., 9,209,498 B2  12/2015 Murata

Kyoto (JP) 0,786,965 B2  10/2017 Omura

(Continued)

(*) Notice: Subject to any disclaimer, the term of this

patent 1s extended or adjusted under 35 FOREIGN PATENT DOCUMENTS
U.S.C. 154(b) by 425 days.

JP 2009-187781 A 8/2009
(21) Appl. No.: 17/040,344 Jp 2013-004341 A 1/2013
(Continued)

(22) PCT Filed:  Mar. 6, 2019
OTHER PUBLICATIONS

(86) PCT No.: PCT/JP2019/008817
§ 371 (C)(l),, Machine translation of JP-2014044884-A. (Year: 2014).*
(2) Date: Sep. 22, 2020 International Search Report (ISR) (PCT Form PCT/ISA/210), in

PCT/JP2019/008817, dated Jun. 11, 2019,
(87) PCT Pub. No.:. W02019/181502

PCT Pub. Date: Sep. 26, 2019 Primary Examiner — Gregg Cantelmo

(74) Attorney, Agent, or Firm — MCGINN LP. LAW

(65) Prior Publication Data GROUP, PLLC
US 2021/0057685 Al Feb. 25, 2021 (57) ARSTRACT
(30) Foreign Application Priority Data An energy storage apparatus includes an energy storage
device and a spacer, 1n which the spacer has a main body
Mat'. 23:J 201 8 (JP) ................................. 201 8'056957 portionj and a th_lrd protrusion haVlng q Shape that protrudes

in a first direction that 1s a direction from the main body

(51) Int. CL. portion to a side surface or a bottom surface of the energy

" ——r—rir

HOIM 50/291 (2021.01) . . .
016G 11/10 (2013.01) storage device, the protrusion not abutting on a.surface of
o the energy storage device that faces the first direction, and an
(Continued) end edge of the main body portion in the first direction 1s
(52) U.S. ClL positioned away 1n the first direction relative to the surface
CPC e, HOIM 50/291 (2021.01); HO1G 11/10 of the energy storage device that faces the first direction.
(2013.01); HOIG 11/82 (2013.01);
(Continued) 19 Claims, 10 Drawing Sheets
E'“ 600 “:”““““W T "“"i
R S
; {b) 621;622"
| 113 by
: 100"
B{}D l"-..-.n.-.p._._._..,-.....
620
\ 120
230 )
515 621,622 211b L S NS,
27 T
;3 2114
(a) 610 % 211d
§

Apfulrliy
[
i

630 ; J} E
?‘ ﬂ 21 5 Lr— — —-.--:; EL T l-l-hi-ql- wmd hkd -++|-—.-|.+!I:- LI R oY 215 ?4G
: SoE1 1141116 1o ;‘f
E 2:‘.& A S Ll ik iy AT BN AL LRI AL JEE RAN AL R ?{m—a-—hm-ﬂi—--t
100~ Y
LLLLL > H oA :
'
1
l
i
i

-
n--—-—---wrl::-l-l-ﬂ—--—u
G)
.rﬂ
I
i
i

T hmkoalrd VA TV eV W Wi PR ek alek dmi AR ik WS A A "mm“mm'-'r



US 11,791,516 B2

Page 2
(51) Imt. CL 2013/0202939 Al* 82013 Kwak .ooevvevirnii., HO1M 10/659
HOIG 11/82 (2013.01) 429/120
HOIM 10/6555 (2014.01) gg%gggégg i{- 1%83 &kada et al.
HOIM 10/653 (2014.01) ; ; ; urata
HOIM 10/647 2014.0° 2015/0349394 A1 12/2015 Hayashida et al.
(2014.01) 2016/0141737 Al 52016 Kubota et al.
HOIM 50/209 (2021.01) 2016/0149180 Al 5/2016 Tokoo et al.
HOIM 50293 (2021.01) 2016/0260946 Al 9/2016 Ochi et al.
(52) U.S. CL 2017/0194676 Al  7/2017 Omura
CPC ... HOIM 10/647 (2015.04); HOIM 10/653 20}8;0123105 Al 5j20{~8 Tokboo et 31*1
(2015.04); HOIM 10/6555 (2015.04); HOIM 2018/0123199 Al 5/2018  kubota et al
50209 (2021.01), HOIM 50/293 (2021.01) FOREIGN PATENT DOCUMENTS
(56) References Cited TP 2013-041708 A 2/2013
_ﬁ JP 2014044884 A * 3/2014 ... HO1M 10/0468
U.s. PATENT DOCUMENTS P WO02012/067045 Al 5/2014
JP 2014-182944 A 9/2014
9,876,207 B2 1/2018 Tokoo et al. TP 2014-238028 A 12/2014
9,887,440 B2 2/2018 Kubota et al. TP 2015-005362 A 1/2015
9,935,345 B2 4/2018 Hayashida et al. TP 7015-185463 A 10/2015
10,109,830 B2 10/2018 Ochi et al. TP 2015-225765 A 12/2015
2011/0135985 A1*  6/2011 Kium ..ooovivivinnninn, HOIM 10/02 TP W0O2015/145927 Al 4/2017
429/247 JP W02016/002178 Al 4/2017
2012/0040226 Al* 2/2012 Kim woovoverveenin.. HO1M 10/613
429/158 * cited by examiner



US 11,791,516 B2

Sheet 1 of 10

Oct. 17, 2023

U.S. Patent

Fig. 1




U.S. Patent Oct. 17, 2023 Sheet 2 of 10 US 11,791,516 B2

Fig. 2

‘‘‘‘‘‘




U.S. Patent Oct. 17, 2023 Sheet 3 of 10 US 11,791,516 B2

Fig. 3




US 11,791,516 B2

Sheet 4 of 10

Oct. 17, 2023

U.S. Patent

Fig. 4

Ny Ny, Ny - W Wy

e T T My Ny W N By

£
rey O
~N
A
m\ } 3
q.............. g gy g gttt gt g _-_..___...__....___w [ E—— - - .-_. .__w .__*._
_ .-.:..._.... ...... az AT A AN AT e
ﬁuwh ........... mx\\ SN
\\l\\\\ L
. .u..t..r_.-.....:...__..._.___.._..___:.._._. ’ -
r l..__ _______ u\
_ Fad /
‘ ey T
~ N e
L 7t
g

FREE SRS R A e A Aedbr dndies b B Gyt St Pyt Pyl gyt paty Ry Rgty ety ety W S W dmp dwia BEE aas bt

N

o Wl el i giial eis Aele e Fafw Ealiek dgiel el R e e

Falm gy gy SR W W o e N P PO S

- ot en pints plinte pleiy iy dniy Tl Sylph BLE LR WELE gl plgm mgmc ko



Jatn Bl B dmn i e EE S dpy wiel shete siuly Fube Al twlel ohdh. fieta Fafe Pdber Nafal CGldh ot Mat e,

US 11,791,516 B2

Ia_l.l-.l.-i_\,l.l.l .I,.l..lfu.

" ﬁu
) =4 ot
oy ~
pey MO &,
!
—
\ N (B ,..
- pst
&
\f, - e e o
'
W
W
e
p
o fF
|
—
g |
~
\
~—
S

[
L]
ety Sy Bt eTa iy pmem et Tewt Wt wSm M TWtR SSwetw w“-wmmw-—-ﬂ#w'

Fig. 5

U.S. Patent

i weats gty e

il Bl el el gl e S il bR R R R RERF W



U.S. Patent Oct. 17, 2023 Sheet 6 of 10 US 11,791,516 B2

- .4‘“hu-“m“##ﬁmmww“!w‘h

HWW#MMWWW#MMWWW




U.S. Patent Oct. 17, 2023 Sheet 7 of 10 US 11,791,516 B2

Fig. 7




U.S. Patent Oct. 17, 2023 Sheet 8 of 10 US 11,791,516 B2

Bl plgth gy gy Sy Sk Sl pflh Cplilh g, kT W EE A AR

- e e e e CEET w e wws rws et el e e ek e 2t ol Sl gl Nt i ey

r*“"w“““"\
&10 7310 214k 2143

i\“‘iid fliid\ 615 } 1}1‘35
X\ {

TEE O mmp R R A gl gl ghyly Bgher BAgE SRR gy,

(b}
(]

1
X 300
""-.-a.~.~“~.m,~..~.....-u%““«.-_.-,-é:.‘w.-.u.-.-.mwwwmﬁ..mn...--....“....a#_.-..-.,a,-..
; 3{}{} 121 20U 700
~ j
o § 2

.."j & 32{} 12{} 21 / §
/ I §: 3§ nm ¢ . .,,,__;..-'

/f:
”’/
. . ‘*.q' r
‘F‘ "-‘.‘ ‘-i* 'l-‘
i‘- "
._“
R s Skl dhakonh hoahooh bk  ahps  alph ko ek

fﬂww iy ey et Rgfl fafegt  pial, gy iy Parar
™,
O
¢
=,
/
i
x'*.
Y
o
>
\
™.
™,
™,

[ L UL R g e S R I T T TR e wrwh e minis el Spfet Splgt SySym wiuly gy poly, gl iy -

Zr‘“‘"\““

&




U.S. Patent

Fig. 9

g

Oct. 17, 2023

300 4

G
>
o

e m e W e P WL S iy i gy eln plaiy it g, PR, B EoE Wloly  plageiys Sgpigrs agligdll Sl Bglnd s i Skt BeEow BECE OB Bl S Tyl piwiey  Bofelk il sachet  Telef SR, LT BB il N BT Rl m N B Bl L R

Sheet 9 of 10

?0 ZQQ I?B
% .L

N

US 11,791,516 B2

e

el g i kel e g s pwte Salat wiwi sl



U.S. Patent Oct. 17, 2023 Sheet 10 of 10 US 11,791,516 B2

Fig. 10

TR mE s i e ek sk et i MR WS Cwted wierh gl SgEgt Sl gty ks Bl o A RET ARA BEER s R ruw et vl ey

mhafa Fah A e Pl Sl Sl el e el Sglhgh gy S dnahg
T 4

-
d i’ e wrt WWR Farwr spegh agege, gk el F Gl k hm mmT wpy sk ERL REE pmE EmEs et ek m e e Gelyt e ek,

B
A “-"*. -r_; "/,. 1 _3:___ Q j,-"'“‘ “ 7 } .
.-"' __,f'

(€} pooee

111,111b ’rﬁ\ﬁxmﬂ\{ X

630 \505 ?#Q 700

v e il ity Gty Bt gl peiu’ Sghgt dpmem wamm  Sgder el epld A

Pl Mgt e BAE A ek Ry, s Bl il ke Bl Alem
W%MMHMWW“MWW

I
{
:
i
!
|
{
\

:’



US 11,791,516 B2

1
ENERGY STORAGE APPARATUS

TECHNICAL FIELD

The present invention relates to an energy storage appa-
ratus which includes an energy storage device and a spacer.

BACKGROUND ART

Conventionally, an energy storage apparatus including an
energy storage device and a spacer 1s widely known. Patent
Document 1 discloses an energy storage apparatus (battery
module) including an energy storage device (battery cell)

and a spacer, 1n which the spacer 1s configured to have a

bottom wall portion facing a bottom surface of the energy
storage device.

PRIOR ART DOCUMENT

Patent Document

Patent Document 1: JP-A-2015-5362

SUMMARY OF THE INVENTION

Problems to be Solved by the Invention

In the energy storage apparatus with the conventional
configuration described above, 1t may be diflicult to cool the
energy storage device.

An object of the present invention 1s to provide an energy
storage apparatus capable of easily cooling an energy stor-
age device.

Means for Solving the Problems

An energy storage apparatus according to one aspect of
the present invention 1s an energy storage apparatus includ-
ing an energy storage device and a spacer, in which the
spacer has a main body portion and a protrusion having a
shape that protrudes 1n a first direction that 1s a direction
from the main body portion to a side surface or a bottom
surface of the energy storage device, the protrusion not
abutting on a surface of the energy storage device that faces
the first direction, and an end edge of the main body portion
in the first direction 1s positioned away 1n the first direction
relative to the surface of the energy storage device that faces
the first direction.

The present mvention can be realized not only as an
energy storage apparatus described above but also as a
spacer mcluded 1n the energy storage apparatus.

Advantages of the Invention

According to the energy storage apparatus of the present
invention, the energy storage device can be easily cooled.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 15 a perspective view showing an external appear-
ance of an energy storage apparatus according to an embodi-
ment.

FIG. 2 1s an exploded perspective view showing compo-
nents when the energy storage apparatus according to the
embodiment 1s disassembled.

FI1G. 3 1s a perspective view showing a configuration of an
energy storage device according to the embodiment.
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FIG. 4 1s a perspective view and a cross-sectional view
showing a configuration of a spacer (intermediate spacer)

according to the embodiment.

FIG. 5 1s a perspective view and a cross-sectional view
showing a configuration of a spacer (end spacer) according,
to the embodiment.

FIG. 6 1s a perspective view and a plan view showing a
configuration of an insulator according to the embodiment.

FIG. 7 1s a perspective view showing a configuration of a
side plate according to the embodiment.

FIG. 8 1s a plan view and a cross-sectional view showing,
a positional relationship among the energy storage device,
the spacer, an end member, the insulator, and the side plate
according to the embodiment.

FIG. 9 1s a perspective view showing a positional rela-
tionship among the energy storage device, the spacer, the
end member, the insulator, and the side plate according to
the embodiment.

FIG. 10 1s a cross-sectional view showing a positional
relationship among the energy storage device, the spacer, the
insulator, and the side plate according to the embodiment.

MODE FOR CARRYING OUT THE INVENTION

(L.

In the energy storage apparatus with the conventional
configuration described above, 1t may be diflicult to cool the
energy storage device. In Patent Document 1 described
above, the spacer aims at positioning with the energy storage
device by placing the energy storage device on the bottom
wall portion, but since the spacer has the bottom wall
portion, the bottom surface of the energy storage device 1s
not exposed, or, even 1 1t 1s exposed, an amount of the
exposed portion 1s small. For this reason, for example, when
the bottom surface of the energy storage device 1s made to
abut on the cooling device to cool the energy storage device,
the bottom wall portion of the spacer becomes an obstacle,
making 1t diflicult to make the bottom surface of the energy
storage device abut on the cooling device. Therefore, the
energy storage device cannot be easily cooled.

An energy storage apparatus according to one aspect of
the present invention 1s an energy storage apparatus that
includes an energy storage device and a spacer, 1n which the
spacer has a main body portion, and a protrusion having a
shape that protrudes 1n a first direction that 1s a direction
from the main body portion to a side surface or a bottom
surface of the energy storage device, the protrusion not
abutting on a surface of the energy storage device that faces
the first direction, and an end edge of the main body portion
in the first direction 1s positioned away in the first direction
relative to the surface of the energy storage device that faces
the first direction.

According to this, in the energy storage apparatus, the
spacer has the protrusion having a shape that protrudes 1n the
first direction that i1s the direction from the main body
portion to the side surface side or the bottom surface side of
the energy storage device, and does not abut on the surtface
of the energy storage device that faces the first direction, and
the end edge of the main body portion 1n the first direction
1s disposed on the side opposite to the first direction relative
to the surface of the energy storage device that faces the first
direction. In this way, the spacer 1s provided with the
protrusion having a shape that protrudes 1n the first direction
of the energy storage device but does not abut on the surface
of the energy storage device that faces the first direction, and
the main body portion of the spacer 1s disposed by the
protrusion at a position where 1t does not protrude relative to
the surface of the energy storage device that faces the first
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direction. Thus, the surface of the energy storage device that
taces the first direction can be made to abut on the cooling
device without obstruction by the main body portion and the
protrusion of the spacer, so that the energy storage device
can be easily cooled.

Further, an abutting member that abuts on the surface of
the energy storage device that faces the first direction may
be provided.

According to this, the energy storage apparatus further
includes the abutting member that abuts on the surface of the
energy storage device that faces the first direction. In this
way, the surface of the energy storage device that faces the
first direction can be positioned by making the surface of the
energy storage device that faces the first direction abut on
the abutting member. For example, when the energy storage
apparatus includes a plurality of energy storage devices, 1t 1s
possible to align the surfaces of the plurality of energy
storage devices that face the first direction by making the
surfaces of the plurality of energy storage devices that face
the first direction abut on the abutting member. This makes
it possible to make the surfaces of the energy storage devices
that face the first direction easily abut on the cooling device,
so that the energy storage devices can be easily cooled.

In an energy storage apparatus including an energy stor-
age device and a spacer, the spacer has a main body portion
and a protrusion that protrudes in a first direction that 1s a
direction ifrom the main body portion to a side surface or a
bottom surface of the energy storage device, an end edge of
the main body portion in the first direction 1s positioned
away 1n the first direction relative to a surface of the energy
storage device that faces the first direction, and the energy
storage apparatus may lfurther include an abutting member
that abuts on the surface of the energy storage device that
taces the first direction.

According to this, 1n the energy storage apparatus, the
spacer has the protrusion that protrudes 1n the first direction
that 1s the direction from the main body portion to the side
surface side or the bottom surface side of the energy storage
device, the end edge of the main body portion 1n the first
direction 1s disposed on the side opposite to the first direc-
tion relative to the surface of the energy storage device that
taces the first direction, and the energy storage apparatus
further 1ncludes the abutting member that abuts on the
surface of the energy storage device that faces the first
direction. In this way, the spacer 1s provided with the
protrusion that protrudes in the first direction of the energy
storage device, and the main body portion of the spacer 1s
disposed by the protrusion at a position that does not
protrude relative to the surface of the energy storage device
that faces the first direction. Thus, the surface of the energy
storage device that faces the first direction can be made to
abut on the cooling device without obstruction by the main
body portion of the spacer. By making the surface of the
energy storage device that faces the first direction abut on
the abutting member, the surface of the energy storage
device that faces the first direction can be positioned. For
example, when the energy storage apparatus includes a
plurality of energy storage devices, 1t 1s possible to align the
surfaces of the plurality of energy storage devices that face
the first direction by making the surfaces of the plurality of
energy storage devices that face the first direction abut on
the abutting member. With these, the surface of the energy
storage device that faces the first direction can be made to
casily abut on the cooling device, so that the energy storage
device can be easily cooled.
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4

The abutting member may abut on a surface of the energy
storage device that faces a second direction intersecting the
first direction.

According to this, the abutting member 1s disposed at a
position abutting on the surface of the energy storage device
that faces the second direction intersecting the first direction.
In this way, the abutting member also abuts on the surface
of the energy storage device that faces the second direction,
so that the energy storage device can be positioned also 1n
the second direction. Accordingly, the energy storage device
can be easily positioned with respect to the cooling device
also 1n the second direction, so that the energy storage device
can be easily cooled.

The protrusion may abut on the abutting member.

According to this, the protrusion of the spacer 1s disposed
at a position abutting on the abutting member. In this way,
the spacer can also be positioned by using the member for
positioning the energy storage device by making also the
protrusion of the spacer abut on the abutting member on
which the energy storage device abuts. Accordingly the
spacer can be easily positioned at a position that does not
cause obstruction when the energy storage device 1s made to
abut on the cooling device, so that the energy storage device
can be easily cooled.

An end edge of the protrusion 1n the first direction may be
disposed on the same plane as the surface of the energy
storage device that faces the first direction.

According to this, the end edge of the protrusion of the
spacer 1n the first direction 1s disposed on the same plane as
the surface of the energy storage device that faces the first
direction. By thus disposing the end edge of the spacer and
the surface of the energy storage device on the same plane,
the end edge of the spacer and the surface of the energy
storage device can be aligned, and thus the spacer and the
energy storage device can be easily positioned simply by
placing them on a flat member. Accordingly since it 1s
possible to easily position the energy storage device with
respect to the cooling device while easily positioning the
spacer at a position where i1t does not cause obstruction, the
energy storage device can be easily cooled.

The protrusions may be arranged at both end portions of
the main body portion 1n a second direction intersecting the
first direction.

According to this, the protrusions of the spacer are
disposed at both the end portions of the main body portion
of the spacer. Since the protrusions of the spacer are
arranged at both the end portions of the main body portion
in this way the cooling device can be disposed between the
protrusions at both the end portions. Accordingly, the energy
storage device can be made to easily abut on the cooling
device, so that the energy storage device can be easily
cooled.

Herematter, an energy storage apparatus according to an
embodiment of the present invention i1s described with
reference to the drawings. The embodiments described
below show comprehensive or specific examples. However,
numerical values, shapes, materials, components, arrange-
ment positions and connection modes of the components,
manufacturing processes, order ol manufacturing processes,
and the like described in the embodiments heremafter are
only examples and are not intended to limit the present
invention. Among the components in the embodiments
described hereinafter, the components which are not
described 1n independent claims which describe uppermost
concepts are described as arbitrary components. In addition,
the dimensions and the like are not strictly illustrated 1n each
drawing.
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In the following description and drawings, the arrange-
ment direction of a pair of electrode terminals 1n one energy

storage device, the facing direction of a pair of short side
surfaces 1n a case of one energy storage device, the arrange-

ment direction of an insulator, the arrangement direction of 53

a side plate, or the arrangement direction of an 1nsulator and
a side plate 1s defined as the X-axis direction. The arrange-
ment direction of energy storage devices, the arrangement
direction of spacers (intermediate spacers, end spacers), the
arrangement direction of end members, the arrangement
direction of energy storage devices, spacers, and end mem-
bers, the facing direction of a pair of long side surfaces in a
case of one energy storage device, or the thickness direction
of the energy storage device, the spacer, or the end member
1s defined as the Y-axis direction. The arrangement direction
of a case body and a lid of the energy storage device, the
arrangement direction of the energy storage device, a bus
bar, and a bus bar holding member, or the vertical direction
1s defined as the Z-axis direction. These X-axis direction,
Y-axis direction, and Z-axis direction are directions that
intersect each other (orthogonal 1n the present embodiment).
Although the Z-axis direction may not be in the vertical
direction depending on the usage mode, the Z-axis direction
will be described below as the vertical direction for conve-
nience of explanation. In the following description, the
X-axis plus direction indicates the arrow direction of the
X-axi1s, and the X-axi1s minus direction indicates the direc-
tion opposite to the X-axis plus direction. The same applies
to the Y-axis direction and the Z-axis direction.

The Z-axis minus direction 1s an example of the first
direction, and the X-axis direction i1s an example of the
second direction. That 1s, the first direction 1s a direction
toward the bottom surface side of the energy storage device,
and the second direction 1s a direction intersecting the first
direction.

Embodiment

|1 General Description of Energy Storage Apparatus 10]

First, a configuration of an energy storage apparatus 10 1s
described. FIG. 1 1s a perspective view showing an external
appearance of the energy storage apparatus 10 according to
the present embodiment. FIG. 2 1s an exploded perspective
view showing components when the energy storage appa-
ratus 10 according to the present embodiment 1s disas-
sembled.

The energy storage apparatus 10 1s an apparatus which 1s
charged with electricity from the outside or can discharge
clectricity to the outside. The energy storage apparatus 10 1s
a battery module (assembled battery) used for power storage
application, power source application, or the like. Specifi-
cally, the energy storage apparatus 10 1s used as a battery or
the like for driving or starting engine of a moving body, such
as an automobile such as an electric vehicle (EV), a hybnid
clectric vehicle (HEV), or a plug-in hybrid electric vehicle
(PHEV), a motorcycle, a watercrait, a snowmobile, an
agricultural machine, or a construction machine.

As shown 1 FIGS. 1 and 2, the energy storage apparatus
10 includes a plurality of (twelve 1n the present embodi-
ment) energy storage devices 100, a plurality of spacers 200
and 300 (1n the present embodiment, eleven spacers 200 and
one pair of spacers 300), a pair of end members 400, a pair
of insulators 600, a pair of side plates 700, a bus bar 800, and
a bus bar holding member 900. A joining member 510 is
disposed between the energy storage device 100 and the
spacer 200, a joining member 520 1s disposed between the
energy storage device 100 and the spacer 300, and a joining
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member 530 1s disposed between the spacer 300 and the end
member 400. A pair of external terminals 810 (a positive
clectrode external terminal and a negative electrode external
terminal) that are terminals of the energy storage apparatus
10 are connected to the bus bar 800. The energy storage
apparatus 10 also includes a wiring for voltage measurement
of the energy storage device 100, a wiring for temperature
measurement, a thermistor, and the like, but these are not
shown and detailed description thereof 1s also omitted. The
energy storage apparatus 10 may also include a circuit board
for monitoring the charge state or discharge state of the
energy storage device 100 or an electric device such as a
relay.

The energy storage device 100 1s a secondary battery
(battery cell) which 1s charged with electricity or can dis-
charge electricity, and more specifically, 1s a non-aqueous
clectrolyte secondary battery such as a lithium 10n secondary
battery. The energy storage device 100 has a flat rectangular
parallelepiped shape (square shape) and 1s arranged adjacent
to the spacers 200 and 300. That 1s, each of the plurality of
energy storage devices 100 1s alternately arranged with each
of the plurality of spacers 200 and 300, and 1s arranged in the
Y-axis direction. In the present embodiment, the eleven
spacers 200 are arranged between the adjacent energy stor-
age devices 100 among the twelve energy storage devices
100, respectively. The pair of spacers 300 are arranged at
positions sandwiching the energy storage devices 100 at the
end portions among the twelve energy storage devices 100.

The number of energy storage devices 100 1s not limited
to twelve and may be a number other than twelve. The shape
of energy storage device 100 1s not limited to a rectangular
parallelepiped shape, and may be a polygonal prism shape
other than a rectangular parallelepiped shape, or may be a
laminate-type energy storage device. The energy storage
device 100 1s not limited to a non-aqueous electrolyte
secondary battery and may be a secondary battery other than
the non-aqueous electrolyte secondary battery or may be a
capacitor. The energy storage device 100 may be a primary
battery that can use the electricity which 1s stored without
the user having to charge the battery instead of the secondary
battery. The energy storage device 100 may be a battery
using a solid electrolyte. The detailed description of a
configuration of the energy storage device 100 1s given later.

The spacers 200 and 300 are rectangular and plate-shaped
spacers arranged lateral to (in the Y-axis plus direction or
Y-axis minus direction) the energy storage device 100 for
insulating the energy storage device 100 from other mem-
bers. Specifically, the spacer 200 1s an intermediate spacer
disposed between the two adjacent energy storage devices
100 for insulating between the two energy storage devices
100. More specifically, the joining members 3510 are
arranged on both sides of the spacer 200 in the Y-axis
direction, and the joining members 510 join the spacer 200
and the energy storage devices 100 on both sides 1n the
Y-axis direction. In the present embodiment, the eleven
spacers 200 are arranged corresponding to the twelve energy
storage devices 100. However, when the number of energy
storage devices 100 1s other than twelve, the number of
spacers 200 1s also changed according to the number of
energy storage devices 100.

The spacer 300 1s an end spacer that 1s disposed between
the energy storage device 100 at the end portion and the end
member 400 for insulating between the energy storage
device 100 at the end portion and the end member 400.
Specifically the joining member 3520 1s disposed on the
energy storage device 100 side of the spacer 300, and the
spacer 300 and the energy storage device 100 are joined by
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the joining member 520. The joining member 530 1s dis-
posed on the end member 400 side of the spacer 300, and the
spacer 300 and the end member 400 are joined by the joining
member 530. The detailed description of a configuration of
these spacers 200 and 300 will be given later.

The end member 400 and the side plate 700 are members
that press the energy storage device 100 from the outside in
an arrangement direction (Y-axis direction) of the plurality
of energy storage devices 100. That 1s, the end member 400
and the side plate 700 sandwich the plurality of energy
storage devices 100 from both sides in the arrangement
direction, thereby pressing the respective energy storage
devices 100 included in the plurality of energy storage
devices 100 from both sides in the arrangement direction.

Specifically the end members 400 are flat block-shaped
end plates (holding members) arranged on both sides of the
plurality of energy storage devices 100 1n the Y-axis direc-
tion for sandwiching and holding the plurality of energy
storage devices 100 from both sides in the arrangement
direction (Y-axis direction) of the plurality of energy storage
devices 100. The end member 400 1s formed of a metal
(conductive) member such as steel or stainless steel from the
viewpoint of strength. The material of the end member 400
1s not particularly limited, and may be formed of a high-
strength 1nsulating member or may be subjected to an
insulating treatment. The end member 400 1s an example of
a lateral member disposed lateral to the energy storage
device 100.

The side plate 700 1s a long and flat plate-shaped restrain-
ing member (restraint bar) having both ends attached to the
end members 400 for restraining the plurality of energy
storage devices 100. That 1s, the side plate 700 1s disposed
extending i the Y-axis direction so as to straddle the
plurality of energy storage devices 100 and the plurality of
spacers 200 and 300, for applying a restraining force in the
arrangement direction of these (Y-axis direction) with
respect to the plurality of energy storage devices 100 and the
plurality of spacers 200 and 300. In the present embodiment,
on both sides of the plurality of energy storage devices 100
in the X-axis direction, two side plates 700 are arranged at
positions sandwiching the insulators 600 with the energy
storage devices 100 (specifically, case second surfaces 111a
described later). Each of the two side plates 700 1s attached
to the end portions of the two end members 400 1n the X-axis
direction at both ends in the Y-axis direction. Accordingly,
the two side plates 700 sandwich and restrain the plurality of
energy storage devices 100 and the plurality of spacers 200
and 300 from both sides 1n the X-axis direction and both
sides 1n the Y-axis direction.

The side plate 700 1s fixed to the end member 400 by a
plurality of fixing members 701 arranged i1n the Z-axis
direction. In the present embodiment, the fixing member 701
1s a bolt that penetrates the side plate 700 and 1s joined to the
end member 400. The attachment of the side plate 700 to the
end member 400 1s not limited to fixing with the bolt, and
may be joint by welding, adhesion, or the like. Like the end
member 400, the side plate 700 1s a conductive member
formed of a metal (conductive) member such as steel or
stainless steel from the viewpoint of strength, but may be
formed of a high-strength insulating member, or may be
subjected to an msulating treatment. The side plate 700 1s an
example ol a conductive member that sandwiches an 1nsu-
lating member with the energy storage device 100, or an
outer portion that 1s disposed outside a pressing member that
presses the energy storage device 100. The detailed descrip-
tion of a configuration of the side plate 700 will be given
later.
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The insulator 600 1s a long and flat plate-shaped 1nsulating,
member that 1s disposed on both sides of the plurality of
energy storage devices 100 in the X-axis direction and
extended 1n the Y-axis direction. That 1s, the insulator 600 1s
disposed between the plurality of energy storage devices 100
and the plurality of spacers 200 and 300 and the side plate
700 so as to straddle the plurality of energy storage devices
100 and the plurality of spacers 200 and 300, and insulates
the energy storage devices 100 from the side plate 700. The
insulator 600 1s formed of an insulating maternal, such as
polycarbonate (PC), polypropylene (PP), polyethylene (PE),
polyphenylene sulfide resin (PPS), polyethylene terephtha-
late (PET), polyether ether ketone (PEEK), tetrafluoroeth-
ylene/pertluoroalkyl vinyl ether (PFA), polytetratluoroeth-
ylene (PTFE), polybutylene terephthalate (PBT), poly ether
sulfone (PES), ABS resin, ceramics, and composite materi-
als thereof. The mnsulator 600 may be formed of any material
as long as 1t 1s an 1msulating member, and the two insulators
600 may be formed of members of different materials.

The insulator 600 also has a function of pressing the
plurality of energy storage devices 100 1in the Z-axis minus
direction. That 1s, the plurality of energy storage devices 100
have a configuration 1n which they are placed on a cooling
device 20 (see FIG. 10) and cooled, and the nsulator 600
presses the plurality of energy storage devices 100 toward
the cooling device 20. The cooling device 20 1s a device that
cools the energy storage apparatus 10 (the plurality of
energy storage devices 100) by water cooling, for example.
The energy storage apparatus 10 has a configuration 1n
which the energy storage apparatus 10 1s mounted not on the
cooling device 20 but on the vehicle body of the automobile
on which the energy storage apparatus 10 1s mounted, or on
an outer case or the like that houses the energy storage
apparatus 10. The insulator 600 may be configured to press
the plurality of energy storage devices 100 toward the
vehicle body, the outer case, or the like. The isulator 600 1s
an example of an 1nside part disposed 1n the mside of a first
insulating member disposed on the X-axis direction side of
the energy storage device 100, an abutting member that
abuts on the energy storage device 100, or the pressing
member that presses the energy storage device 100. The
detailed description of a configuration of the insulator 600
will be given later.

The bus bar 800 1s a conductive plate-shaped member that
1s disposed on the plurality of energy storage devices 100 for
clectrically connecting the electrode terminals of the plural-
ity of energy storage devices 100. In the present embodi-
ment, the bus bar 800 connects the plurality of energy
storage devices 100 in series by connecting positive elec-
trode terminals and negative electrode terminals of the
adjacent energy storage devices 100 1n order. The external
terminals 810 for the positive and negative electrodes are
connected to the bus bar 800 disposed at the end portions.
The bus bar 800 1s formed of a conductive member made of
metal such as copper, copper alloy, aluminum, aluminum
alloy. The connection mode of the energy storage device 100
1s not particularly limited, and any of the energy storage
devices 100 may be connected 1n parallel.

The bus bar holding member 900 1s a plate-shaped
member (busbar plate, busbar frame) that holds the bus bar
800 and other wirings (not shown), and can i1nsulate the bus
bar 800 and the like from the other members and regulate the
position of the bus bar 800 and the like. Specifically the bus
bar holding member 900 has a main body portion and a lid
portion, and 1s configured capable of housing the bus bar 800
and the like by opening the lid portion and placing the bus
bar 800 and the like on the main body portion, and then
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closing the lid portion. The bus bar holding member 900 1s
formed of an insulating material such as PC, PP, PE, PPS,
PET, PEEK, PFA, PTFE, PBT, PES, ABS resin, ceramics,
and composite materials thereof.

[2 Detailed Description of Energy Storage Device 100]

Next, the configuration of the energy storage device 100
1s described 1n detail. FIG. 3 1s a perspective view showing
the configuration of the energy storage device 100 according,
to the present embodiment.

As shown i FIG. 3, the energy storage device 100
includes a case 110, two electrode terminals 120 (a positive
clectrode terminal and a negative electrode terminal), two
gaskets 121, and an insulating sheet 130. Inside the case 110,
an electrode assembly a current collector (a positive elec-
trode current collector and a negative electrode current
collector), an electrolytic solution (non-aqueous electrolyte),
and the like are housed, but they are not shown. The
clectrolytic solution 1s not particularly limited 1n type as
long as 1t does not impair the performance of the energy
storage device 100, and various electrolytic solutions can be
selected. The gasket 15 also disposed between the case 110
(lid body 112 described later) and the current collector, and
spacers are arranged at the sides of the current collector, but
these are not shown.

The case 110 1s a rectangular parallelepiped (square) case
having a case main body 111 having an opening formed
therein and a lid body 112 closing the opening of the case
main body 111. The lid body 112 1s a rectangular plate-
shaped member that constitutes a Iid portion of the case 110,
and 1s disposed on the Z-axis plus direction side of the case
main body 111. The lid body 112 has a case first surface 1124
on which the electrode terminals 120 are arranged. The case
first surface 112a 1s a rectangular flat surface (outer surface
or upper surface) disposed on the Z-axis plus direction side
of the lid body 112 and extending in the X-axis direction.
The Iid body 112 1s also provided with a gas release valve
113 that, when a pressure inside the case 110 rises, releases
the pressure, a liquid injection part 114 for injecting an
clectrolytic solution 1nto the inside of the case 110, and the
like.

The case main body 111 1s a bottomed member consti-
tuting a main body portion of the case 110 and having a
rectangular tubular shape, has two case second surfaces 111a
on both side surfaces 1n the X-axis direction, has a case third
surface 1115 on the Z-axis minus direction side, and has two
case fourth surfaces 111¢ on both side surfaces in the Y-axis
direction. The case second surface 111a 1s a rectangular flat
surtace that forms a short side surface of the case 110. In
other words, the case second surface 111a 1s a surface
adjacent to the case first surface 1124, the case third surface
1115, and the case fourth surface 111¢ and having a smaller
area than the case fourth surface 111c¢. The case third surface
1115 1s a rectangular flat surface that forms the bottom
surface of the case 110. In other words, the case third surface
1115 1s a surface facing the case first surface 112a and
adjacent to the case second surface 111a and the case fourth
surface 111¢. The case fourth surface 111c¢ 1s a rectangular
flat surface that forms a long side surface of the case 110. In
other words, the case fourth surface 111¢ 1s a surface
adjacent to the case first surface 112a, the case second
surface 111a, and the case third surface 1115, and having a
larger area than the case second surface 111a. The case main
body 111 has a curved case corner portion 1114 at a
boundary portion between the case second surface 111a and
the case fourth surface 111c.

With such a configuration, the case 110 1s configured such
that after the electrode assembly and the like are housed
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inside the case main body 111, the case main body 111 and
the lid body 112 are joined by welding or the like to form a
joint 115, and thereby the inside 1s sealed. That 1s, on the side
surfaces of the case 110 (the surfaces on both sides in the
X-axis direction and both sides 1n the Y-axis direction), the
joints 115, in which the case main body 111 and the lid body
112 are joined, are formed. The material of the case 110 (the
case main body 111 and the lid body 112) 1s not particularly
limited, but 1s preferably a weldable (yjoinable) metal such as
stainless steel, aluminum, aluminum alloy, 1ron, and plated
steel plate.

The electrode terminals 120 are terminals (a positive
clectrode terminal and a negative electrode terminal) of the
energy storage device 100 disposed on the case first surface
112a of the case 110, and are electrically connected to the
positive electrode plate and the negative electrode plate of
the electrode assembly through the current collector, respec-
tively. That 1s, the electrode terminal 120 1s a metal member
for leading the electricity stored 1n the electrode assembly to
the external space of the energy storage device 100, and for
introducing the electricity into the internal space of the
energy storage device 100 to store the electricity 1n the
clectrode assembly. The electrode terminal 120 1s formed of
aluminum, aluminum alloy, copper, copper alloy, or the like.

The gasket 121 1s a member disposed around the electrode
terminal 120 and between the electrode terminal 120 and the
lid body 112 of the case 110 for ensuring insulation and
airtightness between the electrode terminal 120 and the case
110. The gasket 121 1s formed of an 1nsulating material such
as PP, PE, PPS, PET, PEEK, PFA, PTFE, PBT, PES, and
ABS resin.

The electrode terminal 120 and the gasket 121 are convex
portions protruding from the case first surface 112a of the
case 110. That 1s, the electrode terminal 120 or the gasket
121 1s an example of a convex portion of the energy storage
device 100, and the energy storage device 100 has the two
convex portions on both sides of the case first surface 112qa
in the X-axis direction. In the present embodiment, the
energy storage device 100 has the gasket 121 as the convex
portion.

The electrode assembly 1s an energy storage element
(power generating element) formed by stacking a positive
clectrode plate, a negative electrode plate, and a separator.
The positive electrode plate included in the electrode assem-
bly has a positive active material layer formed on a positive
clectrode substrate layer, which 1s a long strip-shaped cur-
rent collector foil made of a metal such as aluminum or an
aluminum alloy. The negative electrode plate has a negative
active material layer formed on a negative electrode sub-
strate layer which 1s a long strip-shaped current collector foil
made of a metal such as copper or a copper alloy. As the
positive active material used for the positive active material
layer and the negative active material used for the negative
active material layer, known materials can be appropriately
used as long as they can store and release lithium 1ons. The
current collector 1s a member (a positive electrode current
collector and a negative electrode current collector) having
clectrical conductivity and rigidity, which 1s electrically
connected to the electrode terminal 120 and the electrode
assembly. The positive electrode current collector 1s formed
of aluminum or an aluminum alloy as in the positive
clectrode substrate layer of the positive electrode plate, and
the negative electrode current collector 1s formed of copper
or a copper alloy as 1n the negative electrode substrate layer
of the negative electrode plate.

The insulating sheet 130 1s an 1nsulating sheet-like mem-
ber that 1s disposed on the outer surface of the case 110 and
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covers the outer surface of the case 110. As the maternial of
the insulating sheet 130, 1t 1s not particularly limited as long
as 1t can ensure the msulation required for the energy storage
device 100, but an 1nsulating resin such as PC, PP, PE, PPS,
PET, PBT or ABS resin, an epoxy resin, Kapton, Teflon
(registered trademark), silicone, polyisoprene, polyvinyl
chloride and the like can be exemplified.

Specifically, the insulating sheet 130 1s one insulating
sheet disposed so as to cover the entire surface of the case
third surface 11154 of the case 110, almost the entire surface
of the case second surface 111a and the case fourth surface
111c, and a part of the case first surface 112qa. In this way,
the 1nsulating sheet 130 1s disposed on the outer surface of
the case 110 with the gas release valve 113 of the Iid body
112, the liquid 1injection part 114, and the electrode terminals
120 exposed. The insulating sheet 130 1s an example of a
second 1sulating member that covers the case third surface
1115.

[3 Detailed Description of Spacer 200]

Next, the configuration of the spacer 200 1s described 1n
detail. FIG. 4 1s a perspective view and a cross-sectional
view showing the configuration of the spacer 200 according,
to the present embodiment. Specifically, FIG. 4(a) 1s a
perspective view showing the spacer 200 1n a disassembled
state and each component together with the joining member
510. FIG. 4(b) 1s a cross-sectional view showing the con-
figuration of the upper portion (a portion on the Z-axis plus
direction side) when a second member 210 of the spacer 200
of FIG. 4(a) 1s cut along an IVbc-IVbc line. FIG. 4(c) 1s a
cross-sectional view showing the configuration of the lower
portion (a portion on the Z-axis minus direction side). In
FIGS. 4(b) and 4(c), components other than the second
member 210 are also indicated by broken lines for conve-

nience of description.

As shown 1 FIG. 4, the spacer 200 includes a first
member 201 and the second member 210. The first member
201 1s a member disposed at a position where 1t abuts on the
case fourth surface 111c¢, which 1s the side surface (a side
surface on the Y-axis direction side) of the energy storage
device 100 facing 1n the Y-axis direction, and includes a first
plate portion 220, a second plate portion 230, and a joining,
member 240 that joins the first plate portion 220 and the
second plate portion 230. The second member 210 1s a
member that 1s disposed on a side of the first member 201
in a direction intersecting the Y-axis direction and supports
the end portion of the first member 201 in a direction
intersecting the Y-axis direction. Specifically 1t 1s configured
such that at the central position of the second member 210,
an openming 212, which 1s a rectangular through hole pen-
ctrating 1n the Y-axis direction, 1s formed, and the first
member 201 1s disposed 1n the opening 212, and thus, the
second member 210 supports the periphery of the first
member 201.

More specifically as shown 1n FIG. 10 described later, the
second member 210 1includes a main body portion 211, a first
protrusion 213, a second protrusion 214, and a third protru-
sion 215. The main body portion 211 1s a rectangular
ring-shaped and plate-shaped portion in which the above-
described opening 212 1s formed at the central position. The
main body portion 211 1s provided with a spacer first surface
211a, a joint protrusion 2115, a first concave portion 211c,
a sandwiching part 2114, a second concave portion 211le,
and a spacer second surface 211f.

The spacer first surface 2114 1s an annular flat surface that
1s disposed on the Y-axis minus direction side of the main
body portion 211 and around the opening 212, and the
joimng member 510 on the Y-axis minus direction side 1s
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disposed thereon. That 1s, four rectangular joining members
510 are arranged on the spacer first surface 211a, and the
spacer 200 and the energy storage device 100 on the Y-axis
minus direction side are joined together. The spacer second
surface 211/ 1s an annular flat surface disposed on the
opposite side of the spacer first surface 211a (Y-axis plus
direction side) and around the opening 212, and the joining
member 510 on the Y-axis plus direction side 1s disposed
thereon. That 1s, four rectangular joiming members 510 are
arranged on the spacer second surface 211/, and the spacer
200 and the energy storage device 100 on the Y-axis plus
direction side are joined together.

The joining member 510 1s a member that 1s disposed
between the energy storage device 100 and the spacer 200
and jo1ins the energy storage device 100 and the spacer 200,
and 1s an adhesive layer such as a double-sided tape 1n the
present embodiment. The joining member 1s not limited to
the double-sided tape, and may be an adhesive layer such as
an adhesive, and a welded portion when joined by welding,
a welded portion when joined by welding, mechanically
joined portion by caulking, fitting, or the like, or another
joined portion.

The joint protrusion 2115 1s a protruding portion that 1s
long 1n the X-axis direction and 1s disposed so as to protrude
from the spacer first surface 211a and the spacer second
surface 211/ to both sides 1n the Y-axis direction, and 1s
disposed so as to face the joints 115 of the cases 110 of the
energy storage devices 100 on both sides in the Y-axis
direction. Specifically, the joint protrusion 2115 1s disposed
at a position where 1t abuts on the joint 115 of the case 110
of the energy storage device 100 when the energy storage
device 100 1s disposed adjacent to the spacer 200. That 1is,
the joint protrusion 2115 abuts on the joint 115 at the time
of manufacturing the energy storage apparatus 10, or abuts
on the joint 115 when the case 110 of the energy storage
device 100 swells while the energy storage apparatus 10 1s
n use.

The first concave portion 211c 1s an annular concave
portion formed along the periphery of the opening 212 and
recessed 1n the Y-axis plus direction. That 1s, the second
member 210 has the first concave portion 211c¢ at the end
portion along the opening 212, and the first member 201
engages with the first concave portion 211c¢ 1n the Y-axis
direction. Specifically, the first concave portion 21lc
engages with the engaging part 221 disposed at the end
portion of the first plate portion 220 of the first member 201,
so that the first member 201 1s disposed with respect to the
second member 210. A configuration may be adopted 1n
which the first member 201 has a first concave portion, and
the second member 210 has an engaging part that engages
with the first concave portion. That 1s, one of the first
member 201 and the second member 210 may have the first
concave portion at the end portion, and the other may have
the engaging part 221 that engages with the first concave
portion 1n the Y-axis direction.

The sandwiching part 211d 1s a protrusion that protrudes
from the mner wall of the first concave portion 211¢ toward
the inside of the opening 212, and has a function of
sandwiching the first member 201. In the present embodi-
ment, a total of eight sandwiching parts 2114 are provided
on both sides 1n the X-axis direction and both sides in the
Z-axis direction of the first member 201. That 1s, two pairs
of sandwiching parts 2114 sandwich the first member 201 1n
the X-axis direction, and two pairs of sandwiching parts
211d sandwich the first member 201 also in the Z-axis
direction. Specifically, the sandwiching part 211d sand-
wiches the first member 201 1n the X-axis direction and the
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Z-axis direction by engaging with the end surfaces on both
sides 1n the X-axis direction and both sides in the Z-axis
direction of the first member 201. The shape, number, and
arrangement positions of the sandwiching parts 2114 are not
limited to the above.

The second concave portions 211e are concave portions
recessed 1n the Y-axis direction from the spacer first surface
211a and the spacer second surface 211f, are arranged lateral
to the first member 201, and are formed 1n a long shape
along the periphery of the first member 201. Specifically the
second concave portions 21le are arranged at positions
adjacent to the sandwiching parts 2114 1n the spacer first
surface 211a, and are arranged inside (on the first member
201 side) of the second concave portion 211e formed 1n the
spacer first surface 211a 1n the spacer second surface 211f.
The shape, number and arrangement positions of the second
concave portions 211e are not limited to the above. Instead
of the second concave portion 211e, a through hole pen-
ctrating the main body portion 211 in the Y-axis direction
may be formed.

With such a configuration, the sandwiching parts 211d
and the second concave portions 211e are arranged within
the range from the spacer first surface 211a to the spacer
second surface 211/ in the Y-axis direction. That 1s, the
sandwiching parts 2114 and the second concave portions
211e are formed without a shape protruding from the spacer
first surface 211a 1n the Y-axis minus direction, and without
a shape protruding from the spacer second surface 2111 1n
the Y-axis plus direction. In other words, the spacer first
surface 211a and the spacer second surface 2111 are recessed
or formed in the same plane as adjacent surfaces at positions
overlapping the sandwiching parts 2114 when viewed 1n the
Y-axis direction. Similarly, the spacer first surface 211a and
the spacer second surface 2111 are recessed or formed 1n the
same plane as adjacent surfaces at positions overlapping the
second concave portions 211e when viewed 1n the Y-axis
direction.

The first protrusion 213 1s a long-shaped protruding
portion that protrudes toward both sides i the Y-axis
direction from the end portion of the main body portion 211
on the Z-axis plus direction side. In the present embodiment,
two pairs of first protrusions 213 are arranged side by side
in the X-axis direction. The first protrusion 213 1s disposed
s0 as to face a convex portion (gasket 121 1n the present
embodiment) of the energy storage device 100 on the X-axis
direction side and protrude along the convex portion. The
detailed description of this will be given later.

The second protrusions 214 are protruding portions that
protrude from portions on both sides 1n the X-axis direction
and on the Z-axis plus direction side of the main body
portion 211 to both sides 1n the X-axis direction. The second
protrusion 214 has a concave-convex portion having at least
one of a concave portion and a convex portion formed at the
end portion 1n the X-axis direction. Specifically the concave-
convex portion has a convex portion 214a protruding in the
Y-axis plus direction, and a concave portion 2145 formed on
the back side of the convex portion 214a and recessed 1n the
surface of the end portion of the second protrusion 214 (see
FIG. 8). The detailed description of this will be given later.

The third protrusion 2135 1s a protruding portion that
protrudes from the end portion of the main body portion 211
on the Z-axis minus direction side to the Z-axis minus
direction side, which 1s the direction toward the bottom
surface (case third surface 1115) side of the energy storage
device 100. The third protrusions 215 are arranged at both
end portions of the main body portion 211 1n the X-axis
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direction, and are placed on the sulator 600. The detailed
description of this will be given later.

The second member 210 1s formed of an insulating
material such as PC, PP, PE, PPS, PET, PEEK, PFA, PTFE,
PBT, PES, ABS resin, and a composite material thereof. The
second member 210 may be formed of any material as long
as 1t has an insulating property and all the second members
210 of the plurality of spacers 200 may be formed of
members made of the same material, or any of the second
members 210 may be formed of members made of diflerent
materials.

The first member 201 1s formed of a member
higher heat resistance than the second member 210. Prefer-
ably the first member 201 1s formed of a member having
higher hardness than the second member 210. More prefer-
ably the first member 201 1s formed of a member having
higher heat msulating property than the second member 210.
As the first plate portion 220 and the second plate portion
230 constituting the first member 201 and having high heat
resistance and the like, mica plates formed by a dammar
material constituted by accumulating and bonding mica
pieces (thermal decomposition temperature 1s, for example,
about 600° C. to 800° C.) and the like can be cited. The first
plate portion 220 and the second plate portion 230 may be
formed of any material as long as 1t 1s a member having high
heat resistance and the like, and the first plate portion 220
and the second plate portion 230 may be formed of difierent
maternials. Since the material and the like of the joining
member 240 are the same as the material and the like of the
joming member 510, detailed description thereof will be
omitted.

High heat resistance means that 1t 1s not easily aflected
even when exposed to high temperatures, and can maintain
physical properties (or maintain shape), and means that 1t
has, for example, a high glass transition temperature, a high
deflection temperature under load (heat distortion tempera-
ture), or a high melting point. When the glass transition
temperature, the deflection temperature under load (heat
distortion temperature), and the melting point are compared
for two members, and 11 there are numerical values that are
reversed, the member with higher melting point 1s defined as
the member with higher heat resistance. High hardness
means that 1t 1s hard and diflicult to be deformed, for
example, 1t has high Vickers hardness. High heat insulating
property means that 1t 1s diflicult to transier heat, and means
that 1t has, for example, a low thermal conductivity. The
comparison ol these heat resistance and the like (heat
resistance, hardness and heat insulating property) can be
made by appropriately measuring by a known method.

In the above-described embodiment, the first plate portion
220 and the second plate portion 230 are all formed of a
member having high heat resistance and the like, but a part
thereol may be formed of a member having high heat
resistance and the like. The first plate portion 220 and the
second plate portion 230 may form a member having high
heat resistance and the like by a configuration 1n which a
member (paint or the like) having high heat resistance and
the like 1s disposed (applied) on the surface of a resin
substrate.

Specifically the first plate portion 220 and the second
plate portion 230 are, when the energy storage device 100 1s
disposed adjacent to the spacer 200, rectangular and flat-
plate members arranged at positions abutting on the case
fourth surface 111¢ of the energy storage device 100. That 1s,
the first plate portion 220 and the second plate portion 230
abut on the case fourth surface 111c¢ at the time of manu-
facturing the energy storage apparatus 10, or abut on the case
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tourth surface 111¢ when the case 110 of the energy storage
device 100 swells while the energy storage apparatus 10 1s
in use. The first plate portion 220 1s formed to have larger
widths 1n the X-axis direction and the Z-axis direction and
a larger thickness 1n the Y-axis direction than the second
plate portion 230.

More specifically the first plate portion 220 1s disposed so
as to protrude from the spacer first surface 211a toward the
energy storage device 100 on the Y-axis minus direction
side, and face the central portion of the energy storage
device 100 on the Y-axis minus direction side. The second
plate portion 230 1s disposed on the opposite side (Y-axis
plus direction side) of the first plate portion 220. That 1s, the
second plate portion 230 1s disposed so as to protrude from
the spacer second surface 211/ toward the energy storage
device 100 on the Y-axis plus direction side and face the
central portion of the energy storage device 100 on the
Y-axis plus direction side. The first plate portion 220 1s
disposed so as to protrude to the Y-axis minus direction side
relative to the joint protrusion 2115 on the Y-axis minus
direction side, and the second plate portion 230 1s disposed
so as to be recessed 1n the Y-axis minus direction relative to
the joint protrusion 2115 on the Y-axis plus direction side. As
described above, the first member 201 1s formed to have
substantially the same thickness as a thickness of the main
body portion 211 of the second member 210, or have a larger
thickness than the thickness of the main body portion 211.

The first plate portion 220 1s an example of a central
protruding portion, and the central protruding portion (first
plate portion 220) and the joint protrusion 2115 on the Y-axis
minus direction side are an example of a first protruding
portion. The second plate portion 230 1s also an example of
a central protruding portion, and the central protruding
portion (second plate portion 230) and the joint protrusion
2115 on the Y-axis plus direction side are an example of a
second protruding portion. Therefore, the central protruding
portion preferably has higher heat resistance and higher
hardness than the second member 210, and more preferably
has higher heat insulating property. In other words, each of
the first protruding portion and the second protruding por-
tion has a portion having higher heat resistance than the
portion having the spacer first surface 211a and the spacer
second surface 2111 of the spacer 200, also preferably has a
portion having high hardness, and more preferably has a
portion having high heat isulating property.

[4 Detailed Description of Spacer 300]

Next, the configuration of the spacer 300 1s described 1n
detail. FIG. § 1s a perspective view and a cross-sectional
view showing the configuration of the spacer 300 according,
to the present embodiment. Specifically FIG. 5(a) 1s a
perspective view showing the spacer 300 on the Y-axis plus
direction side 1n FIG. 2 together with the joining members
520 and 530. FIG. 5(b) 1s a cross-sectional view showing the
configuration of the upper portion (a portion on the Z-axis
plus direction side) when the spacer 300 of FIG. 5(a) 1s cut
along a line Vbc-Vbce, and FIG. 5(c) 1s a cross-sectional view
showing the configuration of the lower portion (a portion on
the Z-ax1s minus direction side). In FIGS. 5(5) and 5(c¢), the
joimng members 520 and 530 are also indicated by broken
lines for convenience of description. The spacer 300 on the
Y-axis minus direction side in FIG. 2 also has the same
configuration.

As shown 1n FIG. 3, the spacer 300 includes a main body
portion 310, a first protrusion 320, a second protrusion 330,
and a third protrusion 340. The main body portion 310 1s a
rectangular and plate-shaped portion, and 1s provided with a
spacer first surface 311, a first protruding portion 312 having
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a central protruding portion 312a and a joint protrusion
312bH, and a spacer second surface 313. The spacer 300 1s
formed of the same material as the second member 210 of
the spacer 200.

The spacer first surface 311 1s an annular tlat surface that
1s disposed on the Y-axis minus direction side of the main
body portion 310 and around the central protruding portion
3124, and the joining member 520 1s disposed thereon. That
1s, Tour rectangular joining members 520 are arranged on the
spacer first surface 311 to join the spacer 300 and the energy
storage device 100 on the Y-axis minus direction side. The
spacer second surface 313 i1s a rectangular flat surface
disposed on the opposite side (Y-axis plus direction side) of
the central protruding portion 312qa, and the joining member
530 1s disposed thereon. That 1s, the rectangular joining
member 530 1s disposed on the spacer second surface 313 to
jo1n the spacer 200 and the energy storage device 100 on the
Y-axis plus direction side.

The joining member 520 1s a member that 1s disposed
between the energy storage device 100 and the spacer 300 to
join the energy storage device 100 and the spacer 300, and
the joming member 530 1s a member that 1s disposed
between the end member 400 and the spacer 300 to join the
end member 400 and the spacer 300. Since the materials and
the like of the joining members 520 and 3530 are the same as
the materials and the like of the joining member 510,
detailed description thereof will be omitted.

The central protruding portion 312a of the first protruding,
portion 312 is a portion disposed so as to protrude from the
spacer first surface 311 toward the energy storage device 100
on the Y-axis minus direction side, and face the central
portion of the energy storage device 100 on the Y-axis minus
direction side. The joint protrusion 31256 1s a protruding
portion that 1s long 1n the X-axis direction and 1s disposed so
as to protrude from the spacer first surface 311 to the Y-axis
minus direction side, and 1s disposed so as to face the joint
115 of the case 110 of the energy storage device 100 on the
Y-axis minus direction side. Specifically, the central pro-
truding portion 312a and the joint protrusion 3125, when the
energy storage device 100 1s disposed adjacent to the spacer
300, are arranged at positions abutting on the case fourth
surface 111¢ and the joint 115 of the case 110 of the energy
storage device 100. That 1s, the central protruding portion
312a and the joint protrusion 3125 abut on the case fourth

surface 111¢ and the joint 115 at the time of manufacturing
the energy storage apparatus 10, or abut on the case fourth
surface 111¢ and the joint 115 when the case 110 of the
energy storage device 100 swells while the energy storage
apparatus 10 1s 1n use. The joint protrusion 3125 protrudes
in the Y-axis minus direction to the same position as the
central protruding portion 312a.

The first protrusion 320 i1s a long-shaped protruding
portion that protrudes from the end portion of the main body
portion 310 on the Z-axis plus direction side to the Y-axis
minus direction side. Since the first protrusion 320 has the
same configuration as the first protrusion 213 of the spacer
200, detailed description thereof will be omitted.

The second protrusions 330 are protruding portions that
protrude from portions on both sides 1n the X-axis direction
and on the Z-axis plus direction side of the main body
portion 310 to both sides in the X-axis direction. The second
protrusion 330 has a concave-convex portion having at least
one of a concave portion and a convex portion formed at the
end portion in the X-axis direction. Specifically the concave-
convex portion has concave portions 331 and 332 recessed
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in the surfaces at the end portions of the second protrusion
330 (see FIG. 8). The detailed description of this will be
given later.

The third protrusion 340 1s a protruding portion that
protrudes from the end portion of the main body portion 310
on the Z-axis minus direction side to the Z-axis minus
direction side, which 1s the direction to the bottom surface
(case third surface 1115) side of the energy storage device
100. The third protrusion 340 has the same configuration as
the third protrusion 215 of the spacer 200, and thus detailed
description thereof will be omutted.
|5 Detailed Description of Insulator 600]

Next, the configuration of the sulator 600 will be
described 1n detail. FIG. 6 1s a perspective view and a plan
view showing the configuration of the isulator 600 accord-
ing to the present embodiment. Specifically, FIG. 6(a) 1s a
perspective view showing the mnsulator 600 on the X-axis
plus direction side 1n FIG. 2, and FIG. 6(b) 1s a perspective
view showing the configuration of the msulator 600 of FIG.
6(a) when viewed from the back side. FIG. 6(c) 1s an
enlarged perspective view showing a portion encircled by a
broken line 1 FIG. 6(a) 1n an enlarged manner. FIG. 6(d) 1s
a plan view showing the configuration of the insulator 600
of FIG. 6(b) when the end portion of the insulator 600 on the
Y-axis minus direction side and on the Z-axis plus direction
side 1s seen from the X-axis minus direction side 1n an
enlarged manner. The msulator 600 on the X-axis minus
direction side in FIG. 2 also has the same configuration.

As shown 1n FIG. 6, the insulator 600 includes an 1nsu-
lator main body portion 610, an 1nsulator first wall portion
620, and an 1nsulator second wall portion 630. The 1nsulator
main body portion 610 i1s a rectangular and plate-shaped
portion that 1s disposed on the X-axis plus direction side of
the energy storage device 100 and that extends in the Y-axis
direction and 1s parallel to the YZ plane. The insulator first
wall portion 620 1s a long and plate-shaped portion that
protrudes from the end portion of the insulator main body
portion 610 on the Z-axis plus direction side to the X-axis
minus direction side and 1s extended 1n the Y-axis direction,
and 1s disposed on the Z-axis plus direction side of the
energy storage device 100. The msulator second wall portion
630 1s a long and plate-shaped portion that protrudes from
the end portion of the msulator main body portion 610 on the
Z-axis minus direction side to the X-axis minus direction
side and 1s extended 1n the Y-axis direction, and 1s disposed
on the Z-axis minus direction side of the energy storage
device 100.

Specifically the isulator main body portion 610 has a
facing portion 611 and an extending portion 612. The facing
portion 611 1s a rectangular and plate-shaped portion that 1s
disposed on the X-axis direction side of the case second
surface 111a so as to face the case second surface 111q of the
energy storage device 100 and that extends in the Y-axis
direction and 1s parallel to the YZ plane. The extending
portion 612 1s a portion disposed so as to extend 1n the Y-axis
direction from a portion of the facing portion 611 on the
clectrode terminal 120 side (Z-axis plus direction side)
relative to a portion on the opposite side (Z-axis minus
direction side) of the electrode terminal 120 of the facing
portion 611. In other words, the isulator main body portion
610 has a shape in which portions on the Z-axis plus
direction side of the end portions on both sides 1n the Y-axis
direction protrude to both sides in the Y-axis direction.

The extending portion 612 has a concave portion 613 and
a rib 614. The concave portion 613 i1s a notch-shaped
concave portion 1n which the outer edge of the extending
portion 612 on the Z-axi1s minus direction side 1s recessed in
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the Z-axis minus direction. The rib 614 1s a protruding
portion that protrudes from the surface of the extending
portion 612, and 1s disposed so as to surround the concave
portion 613. Specifically, the rib 614 has a first b 614a
extending in the Z-axis direction and a second rib 6145b
extending in the Y-axis direction along the periphery of the
concave portion 613. In the present embodiment, the rib 614
protrudes outward from the outer surface of the extending
portion 612, but 1t may protrude mmward from the inner

surface of the extending portion 612.

A third b 615 1s provided on the inner surface of the
insulator main body portion 610. The third rib 615 1s a
protruding portion that protrudes mmward from the inner
surface of the end portion of the facing portion 611 on the
Z-axi1s plus direction side, and 1s disposed so as to extend 1n
the Z-axis direction. In the present embodiment, a plurality
of (eleven) third ribs 6135 are arranged side by side at equal
intervals 1n the Y-axis direction.

The 1nsulator first wall portion 620 has first pressing parts
621 and second pressing parts 622 which are a plurality of
pressing parts. The plurality of pressing parts (first pressing,
parts 621 and second pressing parts 622) are arranged
corresponding to each of the plurality of energy storage
devices 100, are portions that press each of the plurality of
energy storage devices 100, and specifically are convex
portions that protrude toward the corresponding energy
storage devices 100. Specifically, the insulator first wall
portion 620 has at least two first pressing parts 621 and a
second pressing part 622 as the plurality of pressing parts. In
the present embodiment, two {first pressing parts 621 are
arranged corresponding to the energy storage devices 100 at
both end portions of the plurality of energy storage devices
100, and a plurality of (ten) second pressing parts 622 are
arranged between the two first pressing parts 621.

Specifically, the first pressing parts 621 and the second
pressing parts 622 are convex portions 1n which the surface
of the insulator first wall portion 620 on the Z-axis plus
direction side 1s recessed and the surface of the insulator first
wall portion 620 on the Z-axis minus direction side 1s
swollen, and are arranged at equal intervals in the Y-axis
direction (alternately arranged with the third ribs 615). The
first pressing part 621 1s formed so that a protruding height
of the convex portion 1s higher than that of the second
pressing part 622. That 1s, a protruding height H1 of the first
pressing part 621 1s formed to be larger than a protruding
height H2 of the second pressing part 622 (see FIG. 6(d)). As
a result, the first pressing part 621 presses the corresponding
energy storage device 100 with a larger force than the
second pressing part 622. The first pressing part 621 may
abut on the corresponding energy storage device 100, and
the second pressing part 622 may not abut on the corre-
sponding energy storage device 100.

The insulator second wall portion 630 1s a portion on
which the energy storage device 100 and the spacers 200 and
300 are placed. The detailed description of this will be given
later.
|6 Detailed Description of Side Plate 700]

Next, the configuration of the side plate 700 will be
described 1n detail. FIG. 7 15 a perspective view showing the
configuration of the side plate 700 according to the present
embodiment. Specifically, FIG. 7(a) 1s a perspective view
showing the side plate 700 on the X-axis plus direction side
in FIG. 2, and FIG. 7(b) 1s a perspective view showing the
configuration of the side plate 700 of FIG. 7(a) when viewed
from the back side. The side plate 700 on the X-axis minus
direction side 1 FIG. 2 also has the same configuration.
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As shown 1n FIG. 7, the side plate 700 includes a side
plate main body portion 710, a side plate first wall portion
720, a side plate second wall portion 730, and a side plate
third wall portion 740.

The side plate main body portion 710 1s a rectangular and
plate-shaped portion that 1s disposed on the X-axis plus
direction side of the insulator main body portion 610 and
that extends 1n the Y-axis direction and 1s parallel to the YZ
plane. The side plate first wall portions 720 are long and
plate-shaped portions that protrude from the end portions on
both sides of the side plate main body portion 710 in the
Y-axis direction to the X-axis minus direction side and are
extended 1in the Z-axis direction, and are fixed to the end
members 400. The side plate second wall portion 730 1s a
long and plate-shaped portion that protrudes from the end

portion of the side plate main body portion 710 on the Z-axis
plus direction side to the X-axis minus direction side and

extends 1n the Y-axis direction, and 1s mnserted and disposed
in the nsulator first wall portion 620 (see FIG. 10(5)). The
side plate third wall portion 740 1s a long and plate-shaped
portion that protrudes from the end portion of the side plate
main body portion 710 on the Z-axis minus direction side to
the X-axis minus direction side and extends i1n the Y-axis
direction, and 1s inserted and disposed in the insulator
second wall portion 630 (see FIG. 10(c)).

The side plate main body portion 710 has a concave
portion 711 recessed in the outer edge on the Z-axis plus
direction side and a concave portion 712 recessed 1n the
outer edge on the Z-axis minus direction side at both end
portions 1n the Y-axis direction. That 1s, the concave portion
711 1s a notch-shaped concave portion in which the outer
edge of the side plate main body portion 710 on the Z-axis
plus direction side 1s recessed 1n the Z-axis minus direction,
and has a curved outer edge shape. The concave portion 712
1s a notch-shaped concave portion in which the outer edge of
the side plate main body portion 710 on the Z-axis minus
direction side 1s recessed 1n the Z-axis plus direction, and
has a curved outer edge shape.
|7 Description of Positional Relationship of Each Compo-
nent|

Next, the positional relationship among the energy stor-
age device 100, the spacers 200 and 300, the end member
400, the insulator 600, and the side plate 700 will be
described 1n detail. FIG. 8 1s a plan view and a cross-
sectional view showing the positional relationship among
the energy storage device 100, the spacers 200 and 300, the
end member 400, the mnsulator 600, and the side plate 700
according to the present embodiment. Specifically FIG. 8(a)
1s a plan view of the Y-axis minus direction side of the
above-described component when viewed from the Z-axis
plus direction, and FIG. 8(d) 1s a cross-sectional view of a
portion of each component of FIG. 8(a) on the X-axis minus
direction side and on the Z-axis plus direction side. A portion
ol each component on the X-axis plus direction side and a
portion of each component on the X-axis minus direction
side have the same configuration, and a portion of each
component on the Y-axis plus direction side and a portion of
cach component on the Y-axis minus direction side have the
same configuration. The same applies to the following.

FIG. 9 1s a perspective view showing a positional rela-
tionship among the energy storage device 100, the spacers
200 and 300, the end member 400, the insulator 600, and the
side plate 700 according to the present embodiment. Spe-
cifically FIG. 9(a) 1s a perspective view showing a portion
of the above component on the X-axis plus direction side
and on the Y-axis minus direction side, and FIG. 9(b) 1s a
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perspective view showing the configuration when the side
plate 700 1s removed from FIG. 9(a).

FIG. 10 1s a cross-sectional view showing a positional
relationship among the energy storage device 100, the spacer
200, the insulator 600, and the side plate 700 according to
the present embodiment. Specifically FIG. 10(a) 1s a view of
a cross section when the above-described component 1s cut
along the X7 plane, as viewed from the Y-axis minus
direction. FIG. 10(d) 1s an enlarged view of a portion on the
X-axis plus direction side and on the Z-axis plus direction
side of FIG. 10(a), and FIG. 10(c) 1s an enlarged view of a
portion on the X-axis plus direction side and on the Z-axis
minus direction side of FIG. 10(a). FIGS. 10(5) and 10(c)
show the configuration when the spacer 200 1s removed
from FIG. 10(a).

First, as shown 1 FIG. 8(a), the first protrusions 213 and
320 of the spacers 200 and 300 are arranged so as to protrude
along the convex portion (the electrode terminal 120 or the
gasket 121) of the energy storage device 100. In the present
embodiment, the first protrusions 213 and 320 are arranged
so as to extend 1n a long shape along the gasket 121. That 1s,
the first protrusions 213 and 320 are protrusions that face the
X-axis direction side of the gasket 121 and protrude along
the gasket 121. Specifically the two first protrusions 213
arranged 1n the X-axis direction are arranged between the
two gaskets 121 included in one energy storage device 100
and along the two gaskets 121. The same applies to the first
protrusion 320. The two first protrusions 213 or the two first
protrusions 320 may be arranged at positions sandwiching
the two gaskets 121 along the two gaskets 121.

More specifically the protrusion amount of the first pro-
trusions 213 and 320 1s formed to be smaller than half the
width of the case first surface 112a of the energy storage
device 100 in the Y-axis direction. As a result, the first
protrusion 213 and the first protrusion 320, which are
adjacent to each other 1n the Y-axis direction, or the two {first
protrusions 213 are arranged so as to face each other and are
separated from each other. That 1s, when two spacers sand-
wiching the energy storage device 100 are used as one
spacer and the other spacer, and one spacer has one first
protrusion and the other spacer has the other first protrusion,
one first protrusion and the other first protrusion are
arranged so as to face each other and are separated from each
other.

As shown in FIG. 8(b), the spacers 200 and 300 are
arranged at positions that do not protrude from the energy
storage device 100 in the X-axis direction. That i1s, the

spacers 200 and 300 are arranged inside the energy storage
device 100 1n the X-axis direction when viewed from the
Y-axis direction. In other words, the spacers 200 and 300 are
formed so that the width 1n the X-axis direction 1s smaller
than that of the energy storage device 100. Alternatively, 1t
can be said that the spacer 200 does not have a portion facing
the case second surface 111a.

The concave-convex portions formed on the second pro-
trusions 214 and 330 of the spacers 200 and 300 are arranged
separated from the energy storage device 100. Specifically
the concave-convex portion of the second protrusion 214 has
a convex portion 214a on the Y-axis plus direction side and
a concave portion 2145 on the Y-axis minus direction side of
the convex portion 214a, and the convex portion 214a and
the concave portion 2145 are formed so as to be arranged
separated from the energy storage device 100. More spe-
cifically, the convex portion 214a i1s disposed so as to
protrude 1n the Y-axis plus direction along the case corner
portion 1114 of the energy storage device 100. That i1s, the
convex portion 214a 1s formed so as to protrude 1n a curved
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shape toward the case comer portion 1114 1n a state of being
separated from the case corner portion 111d. The third nb
615 of the msulator 600 1s disposed at a position facing the
spacer 200 and 1s inserted into the concave portion 2145 1n
the X-axis direction.

Regarding the spacer 300, the concave-convex portion of
the second protrusion 330 has a concave portion 331 on the
Y-axis plus direction side and a concave portion 332 on the
Y-axis minus direction side, and the concave portions 331
and 332 are formed so as to be arranged separated from the
energy storage device 100.

As shown 1n FIG. 9(a), the concave portion 711 of the side
plate 700 has a shape notched more largely than the concave
portion 613 of the mnsulator 600, and the insulator 600 1s
exposed from the concave portion 711. That 1s, the concave
portion 711 1s a concave portion 1n which the outer edge of
the side plate main body portion 710 on the Z-axis plus
direction side 1s recessed relative to the insulator 600.

Specifically, the concave portion 711 1s formed to be
largely recessed so that the rib 614 of the insulator 600 1s
exposed. That 1s, the b 614 1s disposed in the concave
portion 711. As a result, the first rib 6144 1s disposed on the
extending direction side (the Y-axis minus direction side 1n
FIG. 9) of the extending portion 612 relative to the side plate
700. The second rib 614H 1s disposed on the electrode
terminal 120 side (the Z-axis plus direction side 1n FIG. 9)
relative to the side plate 700.

Further, the concave portion 711 1s disposed on the X-axis
direction side (the X-axis plus direction side 1n FIG. 9) of the
end member 400. Therefore, as shown 1 FIG. 9(b), the
extending portion 612, the concave portion 613, and the nib
614 of the imsulator 600 are also arranged on the X-axis
direction side of the end member 400. Also as shown 1n FIG.
8(b), the end member 400 1ncludes a first corner portion 410
that 1s a corner portion on the energy storage device 100 side
(the Y-axis plus direction side) and a second corner portion
420 that 1s a corner portion on the opposite side (the Y-axis
minus direction side) of the energy storage device 100. The
first corner portion 410 has a larger radius of curvature at the
outer edge than the second corner portion 420. That 1s, the
first corner portion 410 has a larger rounded outer edge than
the second comer portion 420. The concave portion 711 1s
formed such that its outer edge has a larger radius of
curvature than the first corner portion 410. That 1s, the
concave portion 711 has a curved outer edge, and the radius
of curvature of the curved outer edge 1s formed to be larger

than the radius of curvature of the outer edge of the first
corner portion 410.

As shown 1 FIGS. 10(a) and 10(c), an end edge of the
main body portion 211 of the spacer 200 on the Z-axi1s minus
direction side 1s disposed on a side opposite to the Z-axis
minus direction relative to a surface (the case third surface
1115) of the case 110 of the energy storage device 100 on the
Z-axis minus direction side. That 1s, the spacer 200 is
disposed so that the main body portion 211 does not protrude
from the energy storage device 100 to the Z-axis minus
direction side. An end edge of the third protrusion 215 of the
spacer 200 on the Z-axis minus direction side 1s disposed on
the same plane (on the same plane P of FIGS. 10(a) and
10(c)) as the case third surface 1115 of the energy storage
device 100. That 1s, the spacer 200 1s disposed so that the
third protrusion 215 also does not protrude from the energy
storage device 100 to the Z-axis minus direction side. In
other words, the third protrusion 2135 has a shape that does
not abut on the surface of the energy storage device 100 on
the Z-axis minus direction side.
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With such a configuration, the surface (the case third
surface 1115) of the energy storage device 100 on the Z-axis
minus direction side 1s disposed so as to abut on the insulator
second wall portion 630 of the insulator 600. The third
protrusion 215 of the spacer 200 1s also disposed so as to
abut on the insulator second wall portion 630. That is, since
the case third surface 1115 and the end edge of the third
protrusion 215 on the Z-axis minus direction side are
arranged on the same plane P, they are placed on the
insulator second wall portion 630. The insulator 600 1is
disposed abutting also on the surface (case second surface
111a) of the energy storage device 100 on the X-axis
direction side. The insulator second wall portion 630 is
inserted with the side plate third wall portion 740 and 1s
fixed to the energy storage device 100.

As shown 1n FIGS. 10(a) and 10(5), the first pressing part
621 and the second pressing part 622 provided on the
insulator first wall portion 620 of the 1insulator 600 press the
both end portions of the energy storage device 100 in the
X-axis direction toward the Z-axis minus direction. The
insulator first wall portion 620 1s inserted with the side plate
second wall portion 730 and 1s fixed to the energy storage
device 100. As a result, the energy storage device 100 1s
cooled with the case third surface 1115 pressed to the
cooling device 20. Since the plurality of energy storage
devices 100 are pressed by one insulator 600 and pressed
onto the insulator second wall portion 630, the case third
surfaces 1115 of the plurality of energy storage devices 100
are arranged on the same plane P. As a result, the case third
surfaces 1115 of the plurality of energy storage devices 100
are evenly pressed to the cooling device 20 to be cooled.

Although the spacer 200 has been described with refer-
ence to FIG. 10, the spacer 300 has also a similar configu-
ration.

[8 Description of Effects]

As described above, according to the energy storage
apparatus 10 according to the present embodiment, the
spacers 200 and 300 have the third protrusions 2135 and 340
having shapes that protrude 1n the first direction (the Z-axis
minus direction) that 1s the direction from the main body
portions 211 and 310 to the bottom surface side of the energy
storage device 100, and do not abut on the surface of the
energy storage device 100 that faces the first direction, and
the end edges of the main body portions 211 and 310 in the
first direction are arranged on the side opposite to the first
direction relative to the surface of the energy storage device
100 that faces the first direction, respectively. In this way, the
spacers 200 and 300 are provided with the third protrusions
215 and 340 having shapes that protrude 1n the first direction
of the energy storage device 100 but do not abut on the
surface of the energy storage device 100 that faces the first
direction, respectively. The main body portions 211 and 310
of the spacers 200 and 300 are arranged by the third
protrusions 2135 and 340 at positions that do not protrude
relative to the surface of the energy storage device 100 that
faces the first direction, respectively. Thus, the surface of the
energy storage device 100 that faces the first direction can be
made to abut on the cooling device 20 without obstruction
by the main body portions 211 and 310 and the third
protrusions 215 and 340 of the spacers 200 and 300,
respectively, so that the energy storage device 100 can be
casily cooled.

The energy storage apparatus 10 further includes the
abutting member (insulator 600) that abuts on the surface of
energy storage device 100 that faces the first direction. In
this way, by making the surface of the energy storage device
100 that faces the first direction abut on the abutting mem-
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ber, 1t 1s possible to position the surface of the energy storage
device 100 that faces the first direction. When the energy
storage apparatus 10 includes a plurality of energy storage
devices 100, by making the surfaces of the plurality of
energy storage devices 100 that face the first direction abut
on the abutting member, 1t 1s possible to align the surfaces
of the plurality of energy storage devices 100 that face the
first direction. Accordingly, the surfaces of the energy stor-
age devices 100 that face the first direction can be made to
casily abut on the cooling device 20, so that the energy
storage devices 100 can be easily cooled.

The abutting member 1s disposed at a position abutting on
the surface of the energy storage device 100 that faces the
second direction (X-axis direction) intersecting the first
direction. In this way, the abutting member abuts also on the
surface ol the energy storage device 100 that faces the
second direction, so that the energy storage device 100 can
be positioned also 1n the second direction. Thereby, the
energy storage device 100 can be easily positioned with
respect to the cooling device 20 also 1n the second direction,
so that the energy storage device 100 can be easily cooled.

The third protrusions 2135 and 340 of the spacers 200 and
300 are arranged at positions abutting on the abutting
member. In this way, by making also the third protrusions
215 and 340 of the spacers 200 and 300 abut on the abutting
member on which the energy storage device 100 abuts, 1t 1s
possible to position also the spacers 200 and 300 by using a
member for positioning the energy storage device 100.
Accordingly the spacers 200 and 300 can be easily posi-
tioned at positions that do not cause obstruction when the
energy storage device 100 1s made to abut on the cooling
device 20, so that the energy storage device 100 can be
casily cooled.

The end edges of the third protrusions 215 and 340 of the
spacers 200 and 300 1n the first direction are arranged on the
same plane as the surface of the energy storage device 100
that faces the first direction. By thus arranging the end edges
of the spacers 200 and 300 and the surface of the energy
storage device 100 on the same plane, 1t 1s possible to align
the end edges of the spacers 200 and 300 and the surface of
the energy storage device 100. Therelfore, 1t 1s possible to
casily position the spacers 200 and 300 and the energy
storage device 100 simply by placing them on a flat member.
Accordingly, 1t 1s possible to easily position the energy
storage device 100 with respect to the cooling device 20
while easily positioning the spacers 200 and 300 at positions
that do not cause obstruction, so that the energy storage
device 100 can be easily cooled.

The third protrusions 2135 and 340 of the spacers 200 and
300 are arranged at both end portions of the main body
portions 211 and 310 of the spacers 200 and 300, respec-
tively. In this way, the third protrusions 2135 and 340 of the
spacers 200 and 300 are arranged at both the end portions of
the main body portions 211 and 310, so that the cooling
device 20 can be disposed between the third protrusions 215
and 340 at both the end portions. Accordingly, since the
energy storage device 100 can be made to easily abut on the
cooling device 20, the energy storage device 100 can be
casily cooled.

In the configuration in which the energy storage device
100 and the spacers 200 and 300 are bonded by the bonding

members 510 and 520, on the spacers 200 and 300, the first
protruding portions that protrude from the spacer {first sur-
taces 211a and 311 on which the bonding members 510 and
520 are arranged toward the energy storage device 100 are
provided. Accordingly when the energy storage device 100
1s about to swell, the first protruding portions can suppress
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the swelling of the energy storage device 100 even 1if the
joming members 510 and 520 are compressed by the swell-
ing force of the energy storage device 100. Even 1if the
joming members 510 and 520 are not compressed by the
swelling force of the energy storage device 100 due to high
hardness or the like of the joining members 510 and 520, the
energy storage device 100 may swell toward portions other
than the joining members 510 and 520. However, even in
this case, by arrangement of the first protruding portions, 1t
1s possible to prevent the energy storage device 100 from
swelling toward portions other than the joining members
510 and 520.

By forming the first protrusions 213 and 320 protruding
along the convex portion (gasket 121) of the energy storage
device 100 1n the spacers 200 and 300, the energy storage
device 100 and the spacers 200 and 300 can be positioned
without provision of portions sandwiching the side surface
of the energy storage device 100 on the spacers 200 and 300.
Thereby, the width of the energy storage apparatus 10 can be
prevented from increasing, and the energy storage apparatus
10 can be downsized.

By disposing the first member 201 having high heat
resistance at the position abutting on the side surface of the
energy storage device 100 on the spacer 200, it 1s possible
to prevent the spacer 200 from deforming or melting even
when the energy storage device 100 has a high temperature.
The spacer 200 often has a complicated shape in order to
insulate or hold the energy storage device 100, but it 1s
generally diflicult to process a member having high heat
resistance 1nto a complicated shape. Therefore, 11 the second
member 210 1s formed capable of insulating or holding the
energy storage device 100 by configuring the spacer 200 to
have the second member 210 that supports the end portion
of the first member 201 having high heat resistance, it 1s not
necessary to process the first member 201 1nto a complicated
shape. In particular, since the second member 210 1s formed
of resin and can be formed into a complicated shape, the
second member 210 can be easily formed into a structure
that insulates or holds the energy storage device 100.
Accordingly, the first member 201 having high heat resis-
tance can be easily disposed on the spacer 200. As described
above, since 1t 1s possible to prevent the spacer 200 from
deforming or melting by the first member 201 even when the
energy storage device 100 has a high temperature (for
example, 600° C. or the like) due to an abnormality of the
energy storage device 100, etc., 1t 1s possible to maintain the
functions of the spacer 200, such as swelling suppression or
heat 1nsulating property of the energy storage device 100,
and suppress the occurrence of defects.

By arranging the spacers 200 and 300 inside the energy
storage device 100 1n the X-axis direction (that 1s, formed so
as not to protrude from the energy storage device 100 1n the
X-axis direction), the width of the energy storage apparatus
10 1n the X-axis direction can be prevented from increasing.
By forming concave-convex portions at the end portions of
the spacers 200 and 300 in the X-axis direction that are
separated from the energy storage device 100, the creepage
distance between the energy storage device 100 and other
members (adjacent energy storage device 100 and the like)
can be increased at the end portions of the spacers 200 and
300 1n the X-axis direction. This makes 1t possible to reduce
the size of the energy storage apparatus 10 while achieving
insulation at the end portion of the energy storage device 100
in the X-axis direction.

In the energy storage device 100, a current flows through
the electrode terminal 120. Therefore, in order to ensure
insulation between the energy storage device 100 and the
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conductive member (side plate 700), 1t 1s important to ensure
insulation between the electrode terminal 120 of the energy
storage device 100 and the conductive member. Therefore,
in the first insulating member (insulator 600) between the
energy storage device 100 and the conductive member, the
portion on the electrode terminal 120 side 1s extended. This
makes 1t possible to increase the creepage distance between
the electrode terminal 120 of the energy storage device 100
and the conductive member, so that the insulation between
the energy storage device 100 and the conductive member
can be improved.

In the conductive member, the concave portion 711 that 1s
recessed 1n the outer edge on the Z-axis plus direction side
(clectrode terminal 120 side) 1s formed. This makes 1t
possible to increase the creepage distance between the
clectrode terminal 120 of the energy storage device 100 and
the conductive member, so that the insulation between the
energy storage device 100 and the conductive member can
be 1mproved.

In the pressing member (1insulator 600 and side plate 700),
in order to press all the energy storage devices 100 with a
large force, it 1s necessary to arrange all the energy storage
devices 100 so that they are pressed with a large force by all
the pressing parts. Since it may be diflicult to configure the
pressing member, the pressing forces by the pressing parts
are made diflerent. As described above, since it 1s not
necessary to press all the energy storage devices 100 with a
large force by all the pressing parts, it 1s possible to easily
coniigure the pressing member that presses the plurality of
energy storage devices 100.
|9 Description of Variants]

Although the energy storage apparatus 10 according to the
present embodiment has been described heretofore, the
present invention 1s not limited to the above-mentioned
embodiment. That 1s, 1t should be construed that the embodi-
ment disclosed 1n this specification 1s only for an exempli-
tying purpose 1n all aspects and 1s not limited. The scope of
the present invention 1s defined by the claims, and includes
meanings equivalent to the claims and all modifications
within the scope.

In the above-described embodiment, the third protrusions
215 and 340 of the spacers 200 and 300 are provided so as
to protrude 1n the direction from the main body portions 211
and 310 to the bottom surface (case third surface 1115) side
of the energy storage device 100. However, when the
cooling device 20 1s disposed on the side surface (case
second surface 111a) of the energy storage device 100, the
third protrusions 215 and 340 may be provided so as to
protrude 1n the direction from the main body portions 211
and 310 to the side surface (case second surface 111a) side
of the energy storage device 100.

In the above-described embodiment, the third protrusions
215 and 340 of the spacers 200 and 300 have shapes that do
not protrude from the case third surface 1115 of the energy
storage device 100. However, the third protrusions 2135 and
340 may protrude from the case third surface 1115 as long
as they have shapes that do not abut on the case third surface
1115 of the energy storage device 100.

In the above-described embodiment, the insulator 600
abuts on the third protrusions 215 and 340 and the case third

surface 11156. However, the insulator 600 may not abut on
part or all of the third protrusions 215 and 340 and the case
third surface 1115. The 1nsulator 600 may not abut on the

case second surface 111a of the energy storage device 100.
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In the above-described embodiment, the end edges of the
third protrusions 215 and 340 and the case third surface 1115
are arranged on the same plane, but they may be arranged on
different planes.

In the above-described embodiment, two third protrusions
215 and 340 are arranged at both the end portions of the
main body portions 211 and 310 of the spacers 200 and 300,
but they may be arranged at positions other than both the end
portions. Alternatively, one or three or more third protru-
sions 215 and 340 may be arranged.

In the above-described embodiment, all the spacers 200
have the above-described configuration, but any spacer 200
may have a configuration diflerent from the above. The same
applies to the spacer 300, the energy storage device 100, the
insulator 600, and the side plate 700.

The configurations which are made by arbitrarily com-
bining the respective components which the above-men-
tioned embodiment and variants thereof include are also
included in the scope of the present invention.

The present invention can be realized not only as such an

energy storage apparatus 10 but also as the spacers 200 and
300.

INDUSTRIAL APPLICABILITY

The present invention can be applied to an energy storage
apparatus or the like including an energy storage device such
as a lithium 10n secondary battery.

DESCRIPTION OF REFERENCE SIGNS

10: energy storage apparatus

100: energy storage device
110: case

111a: case second surface

1115: case third surface

111c: case fourth surface

111d: case corner

112a: case first surface

115: joint

120: electrode terminal

121: gasket

200, 300: spacer

201: first member

210: second member

211, 310: main body portion
211a, 311: spacer first surface
2115, 3125b: joint protrusion
211c: first concave portion
211d: sandwiching part

211e: second concave portion
211/, 313: spacer second surface
212: opening

213, 320: first protrusion

214, 330: second protrusion
214a: convex portion

214b, 331, 332: concave portion
215, 340: third protrusion

221: engaging part

240, 510, 520, 530:; joiming member
312: first protruding portion
312a: central protruding portion

600: insulator
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The 1nvention claimed 1s:

1. An energy storage apparatus, comprising:

an energy storage device including a terminal disposed on

a first surface of the energy storage device opposite to
a third surface of the energy storage device; and

a spacer,

wherein the spacer includes:

a main body portion facing a fourth surface of the
energy storage device; and

a protrusion having a shape that protrudes 1 a {first
direction that 1s a direction from the main body
portion to the third surface that faces the first direc-
tion, the protrusion being disposed along the fourth
surface and the protrusion not abutting on the third
surface, and

wherein an end edge of the main body portion in the first

direction 1s positioned on an opposite side of the first
direction relative to the third surface.

2. The energy storage apparatus according to claim 1,
turther comprising an abutting member that abuts on the
third surface.

3. The energy storage apparatus according to claim 2,
wherein the abutting member abuts on a second surface of
the energy storage device that faces a second direction
intersecting the first direction.

4. The energy storage apparatus according to claim 2,
wherein the protrusion abuts on the abutting member.

5. The energy storage apparatus according to claim 1,
wherein an end edge of the protrusion in the first direction
1s disposed on the same plane as the third surface.

6. The energy storage apparatus according to claim 1,
wherein the protrusion includes at least two protrusions, and

wherein the two protrusions are disposed at both end

portions of the main body portion 1n a second direction
intersecting the first direction.

7. The energy storage apparatus according to claim 1,
wherein the protrusion protrudes 1n the first direction from
a bottom edge of the spacer away from the terminal of the
energy storage device.

8. The energy storage apparatus according to claim 1,
wherein the spacer 1s arranged with the energy storage
device 1n an arrangement direction.

9. The energy storage apparatus according to claim 8,
wherein the protrusion protrudes in a direction intersecting,
the arrangement direction.

10. The energy storage apparatus according to claim 9,
wherein the third surface 1s spaced away from an end edge
of the main body portion 1n the direction intersecting the
arrangement direction.

11. An energy storage apparatus, comprising:

an energy storage device including a terminal disposed on

a first surface of the energy storage device opposite to
a third surface of the energy storage device; and
a spacer,
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wherein the spacer includes:

a main body portion facing a fourth surface of the
energy storage device; and

a protrusion that protrudes 1n a first direction that 1s a
direction from the main body portion to the third
surface that faces the first direction, the protrusion
facing the fourth surface,

wherein an end edge of the main body portion in the first

direction 1s positioned on an opposite side of the first
direction relative to the third surface, and

wherein the energy storage apparatus further comprises an

abutting member that abuts on the third surface.

12. The energy storage apparatus according to claim 11,
wherein the abutting member abuts on a second surface of
the energy storage device that faces a second direction
intersecting the first direction.

13. The energy storage apparatus according to claim 11,
wherein the protrusion abuts on the abutting member.

14. The energy storage apparatus according to claim 11,
wherein an end edge of the protrusion 1n the first direction
1s disposed on the same plane as the third surface.

15. The energy storage apparatus according to claim 11,
wherein the protrusion includes at least two protrusions, and

wherein the two protrusions are disposed at both end

portions of the main body portion 1n a second direction
intersecting the first direction.

16. An energy storage apparatus comprising:

an energy storage device including a terminal disposed on

a first surface of the energy storage device opposite to
a third surface of the energy storage device; and

a spacer arranged with the energy storage device n an

arrangement direction,

wherein the spacer includes:
a main body portion facing a fourth surface of the

energy storage device; and

a protrusion that protrudes in a direction intersecting
the arrangement direction, the protrusion being dis-
posed along the fourth surface, the protrusion not
abutting on the third surface that faces the direction
intersecting the arrangement direction,

wherein the third surface 1s spaced away from an end edge

of the main body portion 1n the direction intersecting
the arrangement direction, and

wherein an end edge of the protrusion in the direction

intersecting the arrangement direction 1s disposed on
the same plane as the third surface.

17. The energy storage apparatus according to claim 16,
further comprising an abutting member that abuts on the
third surface.

18. The energy storage apparatus according to claim 17,
wherein the abutting member abuts on a second surface of
the energy storage device that faces a second direction
intersecting both the arrangement direction and the direction
intersecting the arrangement direction.

19. The energy storage apparatus according to claim 17,
wherein the protrusion abuts on the abutting member.
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